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Several imvestigators (White and Knight, 1958; Russell, Jann, and Froman, 1960) reported that smooth colonies of mycobacteria could be isolated from previously rough strains after exposure to mycobacteriophages. Russell et al. (1960) also demonstrated that some smooth colonies were lysogenized with the infecting phase. Because of the low frequency with which smooth colonies were detected, and the inability to demonstrate lysogeny in many of the smooth colonies, they believed that selection of spontaneous mutants was the preferable explanation for their findings.
In further studies of mycobacteriophages and mycobacteria, smooth colonies of Mycobacterium smegmatis ATCC 607 were isolated after exposure to certain phages in a higher frequency than could be explained adequately by selection of mutants alone. The high frequency with which smooth colonies were demonstrated to be lysogenic further suggested that lysogeny was responsible for the altered colony morphology.
MATERIALS AND METHODS
The method of propagation of phages and plaque counts were those reported previously (White and Knight, 1958) .
Broth cultures of single-colony isolates of saprophytic mycobacteria in Heart Infusion Broth were ground in Teflon grinders. Colony counts were made by methods reported previously (White and Knight, 1958) on Heart Infusion Agar (Difco) plates both with and without 106 to 108 phage particles per ml of agar. Colonies were enumerated after 96 hr of incubation at 37 C.
A total of 15 colonies from plates with phage and from plates without phage were subcultured and reisolated three times on Heart Infusion Agar plates. A single colony was then subcultured in broth, and plaque counts were made of the centrifuged supernatant fluid after 24 and 48 hr of incubation at 37 C to demonstrate lysogeny.
Representative cultures (0.1 ml), which were lysogenic by the above methods, were subcultured in 5 ml of Dubos-Tween media (Difco), with 0.05% Tween, at weekly intervals for 5 weeks and retested for lysogeny.
RESULTS
The original mycobacteria ATCC 607, not exposed to phage, were irregular in outline and contour ( Fig. 1) . A total of 1,000 colonies were visualized by subculture onto 50 agar plates, and all colonies demonstrated this morphology; no smooth colonies were seen.
All of the surviving colonies of the same subculture of mycobacteria 607 on plates containing phage D-29, D-32, and R1 were smooth and glistening ( Fig. 2 and 3 ). (Table 2) .
The supernatant fluids of 48-hr broth cultures of smooth lysogenic strains contained from 106 to 108 phage particles per ml. In media with 0.05% Tween, no propagation of phages D-32 or R occurred with rough propagating strains 607. In addition, weekly transfer of 0.1 ml of a mixture of 106 to 108 particles per ml of phage D-32 or R1 with sensitive rough 607 into 5 ml of Tween media was followed by a rapid reduction in phage titers to zero by the end of the second week. After five weekly subcultures in media with 0.05% Tween, no reduction occurred in plaque counts of supernatant fluids of smooth lysogenic colonies.
Smooth colonies of 607, lysogenized by D-32 or by R1, were subcultured on Heart Infusion Agar for monthly intervals for 6 months. The colonies retained their smooth-colony morphology, and all were still lysogenic by the methods used in this study.
Phages D-32 and R1, recovered from lysogenized colonies, were active against the same mycobacteria as the original infecting phages. R1, from lysogenic cultures or from original phage preparations, lysed propagating strain 607 but did not lyse mycobacteria F119, F89, H37Ra, Lysogenized colonies were resistant to lysis by the phage with which they were infected.
DISCUSSION
In a previous study (White and Knight, 1958) , it was shown that smooth colonies of ATCC 607 could be obtained after exposure of original rough 607 to phage D-29. These colonies resembled grossly those observed after growth of 607 on Tween media. However, in contrast to colonies on Tween media, phage-resistant smooth 607 retained this colony morphology after repeated subcultures on non-Tween media and after animal passage.
Other authors (Russell et al., 1960 ) also observed smooth colonies of 607 after exposure to D-29 and with several other phages and mycobacteria. In addition, they showed that some of the altered smooth colonies were lysogenic. However, the low frequency with which smooth coloniies were detected led these investigators to believe that selection of normally occurring mutations and lysogeny were unrelated to each other.
The low frequency of smooth 607 colonies after exposure to phage D-29 
